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a) MBPT for closed -shell nuclei

b) MBPT (Q-box + folded diagrams) for open -shell nuclei  

c) MBPT for nuclear reaction (RGM)

As Prof. F.R. Xuôs talk



Perturbation theory 
takes us from a simple, exactly solvable (unperturbed) problem to 

a corresponding real (perturbed) problem

The key formulas in perturbation theory are

In MBPT the ambition is to include in H0as much ñphysicsò as 

possible , so that V represents a ñsmallò perturbation
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Bai Shan



History of MBPT

Key tool from 1950ôs to 1970ôs

Great depression in 1980ôs

Today MBPT is coming back ...
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üDepending on a starting energy parameter of G-matrix

üPoor convergence of the intermediate -state summations (tensor part )

ü Intruder states

üRSPT with soft potential ( Vlow -k, SRG, UCOM, OLS)

üBogoliubov MBPT

üAuxiliary method (importance truncation, natural orbital basis)

üRealistic Gamow shell model (Extended Kuo -Krenciglowa method)

üRayleigh -Schr Ödinger perturbation theory

üG-matrix, Brueckner -Hartree -Fock method

üValence -space shell -model interaction ( Q-box + folded diagram)
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MBPT for closed -shell nuclei

Rayleigh-SchrÖdinger perturbation theory
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Advantages in HF basis, compared with HO basis

Faster convergence

Some perturbation 

diagrams are cancelled out

In HO basis, calculations 

could be ǩɤdependent, 

while much less in HF 

basis
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Harmonic Oscillator

Hartree Fock

16O

A. Tichai et al., PLB 756, 283 (2016)



RSPT for closed-shell nuclei

ü Perform a Hartree -Fock calculation

ü HF state is chosen as a reference state H 0

ü In the HF basis, make RSPT corrections 

Å Energy up to 3 rd order

Å Wave function up to 2 nd order (One -body density)
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E(2)

E(3)
-E(1)

E=E(0)+E(1) +E(2)+E(3) + é

ɣ(1)

ɣ(2)

Ɋ =ūHF+ ɣ(1) + ɣ(2)+ é
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Point -proton rms radius

B.S. Hu, F.R. Xu, et al.,PRC 94, 014303 (2017)

Binding energy

HF-RSPT calculations for 16O with N 3LO-SRG, Nshell=13, ǩɤ=35 MeV

3NF important ! 
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Inclusion of 3NF
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Normal ordering 

with HF 

reference state

╗HF

Discard residual 3B part:

NO2B approximation



E(3): 56 terms (Derived for the first time)

é
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ASG diagram expansion when 3NF is included












































